
Millimeter and Submillimctcr Spectroscopy of Cllorinc Nitrate:

The C] ouadrupo]e  Tensor and the Harmonic I“J(wcc }+’ic]d]

IIolgcr S. 1’. Mtillcr, *2 l’aul 1 lclmingcr,l an(l Sidney 11. hIl~q

1 l)aI[ of tksc results have been prcscntd  as papm  R[i 13 at the 5 1‘( international Symposium on

Molecular Spectroscopy, C)hio State llnivcrsity,  JuIm 10-14, 1996.

2 C]llail  : 11s])111  @~s])c.c.j])l  .l):lsa.  gov

Number of l’ages: 55; (15 pp. text jnc]. title, 5 pp. rcfcrcnccs  and captions)

Number Of ‘J’d)]cs:  9

Number of 1 ~igures:  5



-2-

pmposcd running  head:  Rotational Spcctmscopy of Chlorine Nitrate

COITCS])OJNkllCC :lUthO1’:

IJr. llolgcr  S. 1’. h4tillcr

J d l’ropu] sion 1.abcmtcwy

California institute of “J”echno]ogy

Mail Stop 183-301

4800 Oak Grove IIrivc

l’asadcna,CA911 09-8099

IJax: (818) 354-8460

}imail: hspm @>s]>cc.j~>l.llasa.  gov



- 3 -

Abstract

‘1’hc rotational spectra of 3sC10N0j  and 370C)N0~ in their ground  ad firsf cxcifd  torsional

states (V9 = 1 ) have bc.cn rcinvcstigatcd  in se.le.ctcci  regions between 84 and 441 Cl] Iz,. An cxtemsivc

set of spcctmsmpic  constants has been (ictcrmined,  enabling mom accurate predictions of line I)o-

siticms  in the submillimctcr region. Accidcntal  near-clcgcncracics of rotational levels cause pcr[ur-

bations of the quadruple pattcm,  allow the observation of a Al = 2 transition, and result in l.hc

prccisc clctcrminatim  of ~zh. ‘1’hc cplartic distortion constants almlp,  with the vibrational wavcnumbm

and inedial defect diffcrcnccs have bccm used for a calculatiol~  of the harmonic force field. ‘J IIC.

assignment of the vibrational mocks  in terms of internal coordinates is cliscussd.  ‘1’hc results are.

compared with propcrlics of related molecules such as ClzO.
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1. IN’J’I?OI)lJCrJ’ION

ChloriI~c nitrate, CIC)NC)2,  has been known for more than 40 years (1). It has attractd  con-

sidcrab]c  intcmst  as an important temporary reservoir spccics in st ratosphcric  chemist ry. l)articu] ad y

in the polar vortex, the formatio]l  of (YONOz from C10 and N02 rc.moves substantial amounts of

rcactivc.  chlorine ancl nitrogen species from cataly~ic  cycles of 070nc  dcstructio]~. Reactions of

{~lONOz  on the surfidces  of polar stratospbcric  c]oud parlicles  and the subscc]ucnt photo]ysis  of the

products rc]casc reactive chlorjne  atoms which lead, for example, to the ozone  hole observed over

Antarctica (2). ‘1’hcrcforc, most of the large number  of studies m chlorine nitrate were initiated in

order [0 better undcrstanc]  its role in stratospheric chemistry. ‘] ’hcsc studies inc]ucic microwave (.?, 4)

and millimctcrwavc  spectroscopic investigations (S) in the ground and first excited torsional state (V9

=.. 1 ) as well as infrarcci  (11<) s[udies in the gas phase (c. g. 6- 9) and in matrix (c. g. 10, 11). ‘lhc ~)d

and V5 vibrational bands have been used to evaluate colLlmII  clcnsities of stratospheric CION02 (c.

g. 12). ‘1’cny>craturc  dependent absorption cross sections have been studiccl  to enable a prccisc quan-

tification of the compouncl.  More recently, the rotational SIIUCLLIICS  of the Vq (/.3) and Vz band (14)

have been resolved ant] analy/d  using dioc]c laser spectroscopy ofjct-coolcc] samples. Recently, the

mo]ccu]ar  structure jn the gas phase has been Icvca]ecl  by means of electron diffraction (].5),

‘J’he primary aim of the present stuc]y  was to examine the bonding of C10N[)2, particularly of

the 00 bond. OIIC tool used has been the analysis of tk Cl quadmpolc  temsor in terms of ionic- ancl

z-bonding. liurthcr  information, not only on tbc. boncling il] this mole.cu]c, but also on the description

of the normal moclcs  in terms of internal coordinates, has been gained from a calculation of the

harmonic force field.
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A fur[bcr aim of this work was 10 provide mom prccisc spectroscopic constants of Cl ON():, in

the ground  and first cxcitccl  torsional states which should bc usdLIl for the analysis and simulation

of vibrational bancls, for the study of rotational spcctr:t  of other excited vibrational sta[cs, and for the

detection of stratospbcric  CION02  by means of millimeter or s~ll>]~lilli]]lete.r  spectroscopy, once the

it]strumcntal  scnsitivjty  is suffickmt  for this purpose.

11. ] iX1’IIRIMIiN’l’Al  /

‘1’hc methods used for the synthcsjs  of chlorine nitrate were taken from Ref. (16). At J]’]., the

C10N02  was obtainc(i from the reaction of 020 and N~Os. “1’hc latter compounds wm synthcsi~d

from Clz +- 11s0  anci NCJ2  -F 03 mspcctivcly.

“1’hc  mcasurcmcnts  were done employing a 1 m long free space, double-path glms ccl]. }’hasc-

lockcd  kl ystrons (Varian) were USCC1 as sources, either on fu]dammtal  frcqucncics  (cc{. 84-119 G] IY)

with a djodc detector, or at third or fourth harmonic (m. 369-441 G} 17) using  harmonic gcncmtors

and a liquid 1 le.-cooled ln,Sb }mt e.lcctron  bolomctc.r as detector. };ur[hc.r clctails  of the spc.ctromctcr

systcm am given elsewhere  (17). Measurements were carriccl out in a slow flow moclc at room tempe-

rature.  with the sample container held at cc{. -11 (l°C;. ‘1’hc pressure in the cell was a(ljustcd to “- 0,05-

-’ 21%(- 0,4-- 15 mrl’err) clcpcnding  on the strengths of the ]incs ad the jntcndcd  resolution.

At South Alabama, the chlorim  nitrate. s:imple was synthcsi~d  through the reaction of aTl-

hydrous nitric acicl with chlorine monofluoridc  (]6). Measurements were made in the 200 GIIY region

with a microwmw  source consisting of a phase-lockccl OKl 24V 10 klystron driving a harmonic multi-
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plicr of the King Gcmly  design (/8); an lnSb hot c.lc.ctroJ]  bolomctcr  opcratccl  at liquic] helium tcmq)c-

Mum was used as the ctctcctor.  ‘1’hc absorl)tion cd] was a 2-cm 11) stainless S(CCI tube, 3-m in lmlgth,

and was held m room tcmpcraturc.

111. Observed  Spectra and Analysis

Chlorine nitrate is a planar, slightly asymmetric pro]a[c rotor (~= -0.90) with a moderate dipo]c

componcmt  along the {z-axis Q/, = 0.72 (7) 11) and a smaller 1~-compcmcnt  (jI, = 0.28 (2) 11) (4).

]Iccausc  of the relatively small rotational constants and several low lying vibrational states its pu] c

rotatio]la]  spectrum is rather rich. At room temperature the a-type R-branches arc the strongest

features cwen at 450 Gllz (80 s 3 s 100). This lypc of transition) was mostly WCII prcdictcd  from

previous measurements (.?-5) up to m. 200 G] IY,. “1’hc b-type lines wc.rc considcrab]  y weaker, par[ic -

ular]y Q- ad l’-branch  transitions, and they were not as well prdictcd,  mainly bccausc of the. limited

precision of 1~~ and X. (:= Xbb - XC,). Newly observed tramitiol]s  improved the predictions, an(i the

quadrupo]e  pattmls were. hc.lpful  for the assignments, particularly for very weak, rather high h’,, 11-

typc transitions for which splittings were strongly influenced by X.,

‘1’hc obscrvd  lines around 100 G}IY, comistcd  mainly of b-type transitions. Some a-type lines

were obscrvd  as well, main]y for 37 CY0N02,  both in the ground and first excited torsional state.

Around 200 G}lz highc.r  K, a-type R-branch transitions were rccorclcd along with lower Kn a- an{{

some h-type R-branch transitions. Around 400 G} Iz, a-type R-branch lines were observed, as well as

some. high Ka b-t ypc. lines.
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‘llc Z,-quadrupolc  axis is expcc[cd to bc C]OSC to the {;]() bond which is not a]igncd with a

principal incr[ia]  axis, ‘J’hcreforc, the cl qwdrupolc tensor is incomplctcl  y clesc.ribui by its diagonal

clemc.nts. 1 lffccts of the off-diagonal quadrupolc  coupling  constant X,h arc on] y manifest in pcrlLlr-

bations  of the quadrupo]c  patterns of near-dcgcwmtc rotational ICVCIS with AJ s 2, AK, = 1, d AKC

even. ‘1’hc rotational constants and the. cxpcctcd  manitadc  of X,h of ~10N02  am such that only few

ICVCIS get C]OSC cIloLIgh  10 observe ]argc effects in the frequency regions of the. spectrometers used,

Scc “1’ab]c  1.

‘1’hc ]argcst  effect is seen for 35 CION02 in the gIoLIncl  vibration] state. ‘J’hc cxpcrimclltal

spcc(rum clcviates substantially from the. onc calculated without  x~~, sc.e l:ig 1. III this figure it has

also bccII shown that of the two rotational transitions two lines each arc cssclltially  unpcr(urbcd,

wh’cas two arc shif(cc]  by up to m. 4 Ml ]7,, ‘1’hc Lmpcr[urbcd levels 24 ~, 18 and 23T,,G  arc less than 43

MI lx apart, as cm be. seem from a detail of the. energy  lcvd diagmm  (1 ‘ig. 2). Only Sub]cvds  with the.

same ~’ [lLl:llltLllIl lIulllbcL’  can interact. ]] CCaUSC A.) = ], onc snb]cvc]  CaCh iS Ull:lffCCk3Cl  ill thC absensc

of other pcr[urbations.

‘1’hc degree of perturbation can also be taken as an indication of the degree  of mixing. Ac-

cmding]y, it was possib]c  not only to observe (ransition from the 22.,,1s ICVC1 to 23-,,1{),  but also to 24(,

,8, SC.C l:ig. 3. As expected, the 1“ = 24.5 hypcrfim component is much stronger than the 1’ L 22.5

component; but both arc much weaker than the componmts  of the formally allowed transition.

IIoth isotopomcrs  and both vibrational states were fit simultaneously in a global non-linear,

]cast-squares fit using  Picke.tt’s S1’lTl’/SPCAT  program suite (~g). ]ndiviciua]  constants were LIscd

throughout, except for the scxtic  centrifugal distortion conslants.  Gmmcm  se.xtic constants were

Llscd. ]n addition, for I]J, 11,~, and }1~1 changes from 3s~10N0z  to 3~(10N02  ant] from the ground  to
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(Iw cxcitd torsional state were.  usccl;  both the.sc changes with their uncmlaintics were applied to

“~10N02,  Vg = 1. J’rcvjous]y reported microwave and millimctcrwavc ljncs (4, S) were also used in

the. fit. 1.incs which had mjcluals larger than fo[lr tjmes the, cstjmated  uncertainties were eliminated

from the final fit; a different rejection threshold (> three times tllc estimated unccrlaintic.s) affected

lhc parameters in general within their quoted unccrlaintjes.  “J’hc unccr[ainties  were also little changecl,

wjth the, cxccptjon  of those for ~,n because. of relatively large residuals of some early reported low

1 microwave ljncs with rather large quadrupolc  splittings.

“1’hc newly observed lines are. given h) ‘l’able 2. In orc!er to minimize the size of the table, the

1’ quantum number  assjgmcnts arc given relative to ~; because AJ = Al’ between lower and upper

state., mm value of 1’- J is sufficient for an unambiguous assignment, cxccpt  for the AJ =: 2 transition,

in [he case. of prolate or oblatc pairjng  of rotational transitions KC or K,, mpcctivcly,  has been mnit-

ted. ‘1’hc complete line list ad predictions for the ground vibrational state arc available on-lim  from

the J]’]. spectral line cataloguc at l~ttl>://sl>cct  .j]~l.llasa.  gov or by anonymous ftp at spcc.jpl  .nasa. gov.

‘1’hc spectroscopic constants arc in Table. 3; even though  Watson’s S-reduction is the prcfcrd  onc

for a rather symmctrjc  rotor like CU10N02, results for the A-rcducticm  ate also included. Quathwpo]c

coup]jng constants sac] derived paramclcrs for 35~10N02  ja the ground vi bratjona] state arc given in

“1’able 4 together with values for the related molecules CYJ{) and 0};.

‘J”he present spectroscopic ccmstants arc more. prccisc  than the prcvjcms ones or have been

dcte.rmincd for the first time. ‘J’hey allow predictions of lines jnto the submillimcter region. ‘J’hc un-

ccrlaiatics  for strong or moderate] y stroa~  ]inc.s arc expected to be less than 1 Ml ]Z LInlcss K. >> 15

for b-type lines or J >>100, ‘J’hc increased precision of the c]uartic distortion constants, particularly

DK, were useful  for the force ficlcl  calculation; and they also proviclcd  accurate prcctictions  of mc.rgy
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lcvds up to mocicratdy  high 3 and K, c]uantm  nLImbcm,  impor[ant  to dctcrminc ~,~ prccisc]y.

‘1’hc imr(ial clcfcct differences of tbc Vq band (1.?) were intended  to bc. used in the form  field

calculation. Using the present ground  state constants, it was found that the obscrvd  ]incs coLlld  bc

fit with lhc same, standard deviation as in (13) when only bancl ccntcrs  and changes in the mtationa]

constants were used. ‘1’hc ctcrjveci  constants arc in “liable 5. ‘J’hc present constants agree in general

within cmc standard deviation with those of Ref. (13). ‘]’hey arc suggested to be more accurate

because fewer constants were nccclcd.

1 V. T] IJt Cl QIJAJ)I<LJIT)I  .IC TJINSOR

1 Xagonaliyjation of the quadrapole  tensor reveals that it is rathc.r symmetric around the principal

z-axis and that the absohltc  value of the coupling  ccmstallt  along this axis is only slightly larger than

in Clz: --111.8 (2.?). lJsing methods outlined else.where (24), one dcrjvcs rather small contributions

from the ionic form C]’ 0N02- and from z-bonding, C$ Table 4. “]’hc prjncipa]  (] UN] ILIPO]C  coupling

constants and derived parameters of (~lON[)z  arc very similar to those of C;IZC), scc ‘1’able 3; even

though X~b of CY@ was dclcrminccl  for the V2 = 2 state only (-22),  aIICI k pmkkm ltl:iy (>C lilllite(~,

the effect OH the dcrjvccl parameters is suggested to bc small. ‘J’hc rather small ionic contributions to

the (Y() bonds in CIONOq and ClzO arc compatible with the, view that the 0X group in general is

only slightly more clcctromgative  than the Cl atom.

It is interesting to note that the z-quadmpolc  axes in CYONOz and C3z0 clcviatc  from the C](I

bond by a similar amount: 2.75° and 2.4° rcspcctivc]y,  c~ liig. 4. Although tllcsc dcvjatiom  arc small
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thcy m impmlm[ for estimating the C10 bond character, };or example in the case of C120, ~,~ was

not knowl] initially, ancl the. z-axis was assumed to be collinear to the C.10 bond; ionic- and n-char-

acters of 0.35 and 0.09, respective.ly, were cicrivcci  for the C10 boncl  in (;120 (21). If one would

assume in the same way the z-axis in C10N02  to be aligncci  with the. C10 bond one wou](i  cicrivc for

example an ionic character of about 0.31, similar to that of the (11~ bomi in that molecule. This would

bc. in contrast to the view that the II’ atom in general is much more clcctronc.gative  than the C)X group.

‘1’his type of [ieviation  bctwccn  a principa] qua(irupo]c  axis all(i a mo]ccu]ar bon[i is founci rather

frc.qucmtly  anti has often lc.ad to wrong  cstimatc,s of ionic- or n-contributions; see also the invcsti-

gaticm of SOClz  in Ref. (2.5).

V. T] IN II ARMONIC  IWRCH  l’] IO .1)

A normal coor(iinate  analysis was uII(icr[akcII  ill cmicr to charactcriz,c  the bon(iing  in CiON02

all(i to obtaia  (inscriptions of the normai  mocics in terms of internal coor(iinatcs. ‘llc cc)m]mtation of

the gcImd valence force ficl(i was carricci out with Christen’s program N(:A (26). Hccause  there arc

rc.clnnclmt  coordinates in CH0N02,  the choice of internal coorciinatcs is not straightforwar(i.  in the

N(’A program thC Ca]CU]atiOIl  iS pCrfOrHIC(i  ill @lCSiaIl COOrdiIlatCS,  allCi it iS allOWCd 10 USC. I’CCiUIKiWll

ccmr(iinatcs.  Sjnce this woulci lca(i to a solution space with a (iimension larger than O (no unicluc

solution c.xists even thcorcticai]y),  the numbc.r  of coor(iinatcs  was constraint to 9: the, C](), ON, NOC,
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and Not boncis  ad the Cl ON, ONOC, ancl ON C), angle.s which arc only dated to vibrations in a’, scc

also IFig,.  4; the 0N02 out-of-plane coordinate, (oop),  and the torsion T of the 0, OC, and Ot atoms

J hC r, StILICtlll’C of Ref. (/5) was takcll toaround the, ON boncl, which arc, related 10 vibrations in a“.’ ‘

dcscribc t hc molecular gcomet  ry. ‘1 ‘he i nit id force cmstants  were taken from an [lb i}jitio  calcu  1 at ion

(27) Nljustcd for the change  in coordina(cs.

1 br the force ficlci  calculation several ciiffe.rent types of input  data have. been taken into ac-

count.  ‘J’hc relative weights among the same type of input data (c. g. the c]uarlic  clistortion constants)

were mostly inversely proportional to the squares of the experimental unccrlaintics.  AmoIlg the

(Iiffcrcnt types the rdativc  uncertainties were chosen to ensure  that each type of data is well rcpmd-

uccd with respect to the uncertainties.

‘1’!le. grounc] state c]uartic c]istortioll constants in the A-rccluction from this study were uscct with

tc]) times the cxpcrimcntal  unccrlainties;  the S-reduction is not inq>lcmcntcc]  in the present N(’A ver-

sion. ]Iancl  positions of the fundamcnta]s  (O. 1 cm”] uncct(ainty)  ad 3S’37C.I isotopic shifts (().01 CW1

uric.) for VI and v~ (9), vd (1.?), ancl vc (8), as well as fundamentals of vl ancl V8 (9), Vz (position of

37 CIC)NQ (/4), scc below), VT (8), ancl Vg (7) were used. ‘1’hc ““lSN isotopic shifts (0.03 cm-l LIIlc.)

of V3 - v<,, and V8 were taken from Ref. (6). “1’hc incrlial  dcfc.ct  difference.s of Vz (14), anti Vd (().1

times experimental unccrlainty),  ami Vg (both from this work) were also used. JIccause  it was difficult

to c.valuate harmonic corrections for the vibrational moclcs,  only the isotopic shifts of v, - Vq were

harmonim.cl  using  factors of 1.034, 1.022, 1.013, and 1.013, mspcctivc]  y, for 0,/VI (cL Ref. (28)),

derived from the vibrations of Noz (29, .?0) and C10 (.5’1).

“1’hc  isotopic shifts of V1 an(l Vz have not bcc.n used in the calculations because they are affcctd

by allharlnonic  resonances. A }icmi resonance was observed bet wccn VI and Vz +- VG (c. g. ]~). ] ‘or
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Va of 3SC1(INQ m anharmcmic  rcsonmcc  was obscrvccl causing this fundamental to be below that

of 3TC30N02.  ‘J’his is only possible if the perturbing state is at higher wavcnumbcrs for the. 3S0 jso-

topomcr and lower for 370. 11 seems likely that the V2 inertial defect difference. would bcco]ne.

smallc.r for one Cl isotopomcr and larger for the. other. Sjncc the observed values  are, vc.ry similar,

it was concluded thal effects of the anhatmonic  msonancc  on the vz inertial dcfcet  differences arc

smal 1, an(i these parameters may bc uscci  in the force ficl(i  calcuiat  ion. lJsing  val Lm of V() (8) an(i 2, Vc

(9) it maybe conc]u(icd  that 3 Vc (unpcrlurbcci positions of m. 1295 cm”] an(i 1287 cm-’ for 35C;10N0,

an(i 3TCYONC)Z respectively) is a likely pcrturbcr.

};or each piece of clata at most one force constant was include(i in the fit, chosen in general ac-

cor(iing to the largest ckrivativcs.  lnitial]y only the funciamcn[als anti (distortion constants were mc(i.

After a(ijusting  the force ficl(i, isotopic shifts an(i finally incr[ia] (icfcct ciiffcrcnccs  were includc(i.

‘1 k V2 incrli  al cicfcct  ciiffcrcnce.s  were not particular] y wcl i reprociucc~i.  ‘1’here were four force

cons[ants  ~vY,j&,~V,Y, an(if,,,b)  among the fixui ones with large (icrivativcs  with respect to this para-

meter. A fairly si~,cablc  a~ijustmcnt of these force constants (SCC ‘J’able 6) rc(iuccci  the rcsi(iua] only

by ca. 1/3. l’ossible  reasons for tilis somewhat unsatisfactory rcsul[ may be for cxamp]c an aci(iiticmal

(krio]is  rcsonancc  in Vz with simiiar effects on the inertial cicfccts for both isotopomcrs,  or the value

of force constants w}lich have not been relcase(i  in the fit.

has

he]]’

“J’he resulting force field is given in ‘1’able 6. As can bc seen in I’able 7, most of the input ciata

)ccn well reproduced. ‘J’hc knowlc(igc  of more isotopic shifts or incrti:i]  Cicfcct  (ii ffcrenccs may

to cictcrmine all of the C10N02  force constants. lncr[ial defects calcu]atc(i  from the force ficl[i

arc given in ‘1’able 8; they may be. of }wlp for the assignment of vibrational satclitcs in the pure

rotational spectrum of Cl[)NC)z.
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(b) llisc14ssioil

‘1’IIc cxpcrimcnta]  and ah inilio form fic.lds  arc quite similar; in many cases changes in the

constants arc smaller than 10 Yo (c$ ‘1’able 6). l~ccausc strong mixing occurs bc.t wcca v? - VG it is J~o[

surprising tha[ the potential energy c~istribution  (l)liIl) and the isotopic shifts for these ftlndamcnta]s

differ substantially bc.t wccn the experimental and [~b inilio force ficlcl,  ‘1’hc ah i)~i~io  C] O stretching

form constant is smal]cr then the experimental one; this is consistent with the longer CIO bone] length

(170.7 pm (27) vcrsu.s  167.3 pm ex~>c.ril~~cl~t:illy  (15)). ‘1’his kind of deviation is rather typical for

CKXI 1(’J’)11’Z2P calculations. It should bc pointed out that the agrccmcnt  bet wccn cxpcrimcnta]  m](i

calculated C]() bond ]cngth and total (iipolc moment was bctte.r at the MP2fl’7,21’f level  (32).

‘1’hc 00 force cons[ant  in C10N02  is slightly larger than the onc in Clzo, but much smaller

than in C10 ((/ ‘1’able 9). ‘1’bc trend is opposite for tbc C~10 bond lc]]gtbs,  as is usually the case. Since

the ionic- ancl m-character of the C30 bonds in C30N02  and ClzC) arc very similar (cJ “1’ab]c  4), it

may bc conc]udccl  that the strcngthcming of the 00 bond in CICIN02 is caused by a stronger o-bond.

“1’hc. NO stretching force constant and bonci lengths in C1ONQ, and N02 arc essentially the same, but

the NO,NO interaction force constants differ substantially.

in Ref. (15) the relationship between (a) the clc.ctroncgativity  of X (or better XO) and (b) the

structural parameters r(ON), r(N=O), and /( O=N=O) in XONOl molccu]es has bcc.n pointed out. ‘J’hc

ONO ang]c is a particularly sensitive probe, bccausc that angle chang,cs from 180° in N02+ (.34) over

(a. 134[’ in the N02 radical (29) to abotlt 116° in N02- (.? S). Given the fad that the ONO angle i[l

(UONO1 is csscntial]y  the same as in N02, it can bc comludcd that the clcctrcmcgativitics  of the 00

and N02 groups arc. very similar, that the e.lcctron density at the N atom in NOL changes only margi-
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nal]y upon Ihc formation of CIONOZ,  and that the ON bond in this molecu]c  has very little iollic

character.

‘] ‘hc P] i]> and the Cartcsion disp]amncnt  of the normal coordi natcs indicate that v,, Vz, V8, and

Vg arc mscntiall  y mmixcd  and WC1l clcscribccl  as asymmc.tric  anti synmctric  N Oz stretch i ~)g, ou(-of-

planc,  and torsional mode rcspcctivc]y,  in agrccmcnt with most o[hcr assignments (SCC c. g. Ref. (6]).

1 ‘or the remaining moclcs the situation is more complex. Both V3 and VA have substantial 00 stretch-

ing ancl NOZ bcncling character (cJ } ‘ig. 5). ‘1’hc.y  arc best cie.scribed as asymmetric an(i symmetric

combinations of these modes: V3 = { v(CHO) -t 6(N0z) },, and Vd = { v(CYC)) + 6(NOZ)  ),. IIolh V5 al~d

VG have substantial ON stretching character (SCC ‘1’able 6 and liig. 5), but arc rather difficult to dc-

scribc appropriatc]y  in tcms of intcrnd coordinates. ‘1’hc VT vibration is also somewhat complex, but

it is rcasonab]y  WC]] dcscribcd  as a C1ON bending mode.

‘1’hc pure rotational spectra of CYON02 in the ground and Vg = 1 states have been rc.invmtigatcd.

lmprovcc]  ancl new] y clctcrmincd  spectroscopic constants pctmi[ accurate pdictions  of line positions

well into the Submil]inlctcl”  region for both 35CI  and 37CY isotopomc.rs. ‘l’he complc.tc quadruple ten-

sor has been dctcrmincd for the first time, mvcaling  a largely covalent C1O bond. ‘1’hc force fictd calc-

ulation indicates a slightly stronger C30 bond than in C~120, consistent with the shor[cr bc)nd lcng[h.

in addition, it has cnab]cd the dcsciption  of the normal modes in terms of intcrna]  coordinates.
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“1’able Caption

‘J’A1]I.1{  1

‘J’AI\J .1; 2

‘J’AI]I .IC 3

TAI]I.I; 4

‘J’AIII .11 S

“J’AI]I  .1; 6

‘J’AIII.IC 7

‘J’ABI M 8

‘J’AI]I.lC 9

Accidcnta]  Near-lkgcncracics  of (JON02  lnvcstigatcd  il) ‘1’his Stucly ancl llncrgy

Differences AE (M}lx).

C)bservd I Wqmmcics  of Rota[ional  ‘l”ransitions (M] 1~,) of [;lONOZ, Ilnccr[aintics,  and

Rcsidua]s”  (O-C) (kllz).

Rotational (Ml 1~), ~cntrifuga]  JJistortion (or Iliffcrcmx) (kIlz), Quadmpolc  ~oupling

Constants (M} Iz), ancl lner[ia] Ilcfccts (amu ~2) of ~lONOz, and Wcightd  Standard

IIcviation  of the P’it.

~1 QL]a(irLq>oIc  Coupling constants  and Ihivcd  Parameters of 3@ ON02, v = 0, in

comparison  to Rdatccl  Mo]cculcs.

Spectroscopic ~onstants” , Standard IJcviations  (cm”l),  ancl Inertial IIcfccts Aq (amu

~2) of the Vq IIan(i lJsing Ground State Constants  of the l’resent Study.

IIarmonic Force constants  (N m-]) and Potcntid  1 incrgy IXstribution

00N02.

l;xpcrimcnta]  Vibrational Wavcnambcrs  vi, isotopic Shifts A vi” (cm-l), Quar[ic  Omtri-

fugal IIistmtion  constants ’ (kll~), and lncrtial I)cfcct IJiffcrenccs A A f (amu ~2) of

~10N02  in comparison  to Va]ucs ~alculatcd from the l;orcc  l;icld.

lncrtial  Defects Ai (amu ~2) of C30N02  for Various  Vibrational h40dcs.

comparison  of Sclcctcd liorcc Gmstants (N m-l) and Structural Paramcte.rs  (pm, dc,g.)

of 00N02  with ‘l-hose of Rclatccl  Molecules.
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l’ig. 3. ‘J’hc 23T, ,T -22 T, 15 t~a~lsjtjo?l  of 35c10N02  in the ground vibrational state. (a) ]lxpeJilllcrlta]

spectrum, (c) simulatcc]  spcct mm wit }lout X,h, (b) sjmul at ccl spcchw  m

arc jncljcatccl  by clashecl ljnes.

l’ig. 2. l>ctai]  of the e.ncrgy level cliagram  of 3SCU10NC)z  in the ground

with Z,h, the shifts ciuc to ~~b

vibrational state. (a) Unsplit,

unpcrtarbecl  level, (b) splitting caused by the, [~] nucleus, (c) perturbations through X,,). (h”clcr  anti

cluantulu number assignment reversed on the left hand sicle..

Vig. 3. ‘1’hc 2.4618- 22T 15 transition of 35 C10N0z in the grouncl  vibrational state.

l~ig.  4. Principal inertial ad cplaclrupolc  axes of 3s~10Noz  and one possible clircction of the ciipo]c

moment. llipo]c  componcmts  from Ref. (4); suggcstd  cliredion  of the arrows is from + to - .

IGg. S. ‘J’hc ~arlcsian l)isplaccmcnts of the vq to vv normal coorclinatcjs.  The vectors arc lcljglhcnecl

for clearness.



lsOtO]>O1llCI’ V i b r a t i o n a l  S t a t e  lJppc] ]cvc] I ,~wcl  ]cvc] ~~;

24 23
3500N0~

6, 18 7, 16 42.6
gl’mmd state

23 7, 17 24 6, 19 243.2

1-/ 16
37C1C)NOZ

4,]?, 5,11
G94~

glmmd  state
2112 23,, 52.5

35 CION02 V9=1 19 6, 13 20 5, Is 226.0

37 CK)N02 V9 = ]
21 s, 17 20 6, 15 1010.8

21 5, 16 206, 14 1755.5
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(a) 3’U)N0,, V = O

J’K,.,KC  - .l’’Kaf8,Kcq  F*b Obs. Freq, Llnc. 0-(:

28M -282,26

54 8,4(, -547,47

47 8,39-477,40

46c,a -466,4,

45 6,39-45.$,40

24 6.18-245,19

507,43- 5%44
166,,0  -165,,1

21 3,,9- ‘03,18

29 ,,,, -293,,,,

33,,,28-335,29

28 3,,6- w,,

559,46-55847

44,8, -45,7

21 4,18 -204,,7

34 629 ‘ 34,,30

27 S,23 -273,24
34 7.27-346.28

61 (9,52- ‘ 18 , s 3

15 3,13 -142,,2

% - 2 6 1 2 ,

M
*]

96304.430

96307.224

96627.551

96628.925

98222.265

98223.219

98390.959

98394.580

99211.665

99214.638

99270.553

99273.244

99275.320

99286.759

104524.078

105101.293

105101.662
105345.212

105345.776

105422.633

105423.948

105438.355

105442.051

105523.422

105524,069

106157.708

106159.142

106863.779

106878.837

106880.263

107413.731

107S87.345

107588.239

107645.236

107649.167

107742.010

107745.389

35 -16

35 -11

20 -14

20 10

30 -21

30 -lo

50 53

50 -102

35 -17

35 -2

15 -lo

15 -7

15 5

30 -4

35 5

25 1

2.5 29
25 6
25 -]

25 -13

25 -12
35 -3

45 -10
30 1

30 -15

40 15

40 17
55 -13
50 -15
40 -9
40 -51
50 5
50 -8
30 3
50 59
50 -30
40 -16

- 2 2 -

—
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J’~n,~c - J“~a,,~,, P“:h Obs. Freq. lJnc..  0-~

41 3,38-403,37

4032, -3932,

4030,  -  WO,

40,,, -392,,

4027,-3927,

4~2<,, - J92G,

41 4,?8  -  4%7

402$,  - ~92S,

4%, - ~92d,

4fJ23, -3923,

40zz,  -3 9 2 2

4011,  -3921,

4 014, -39,4

40,., -39,0

408,33- %,32

45,45-44,44
40,,34-39,,33

433,41-423,40

432,41-422,40

406,34-396,33

7&,  -7224

72 14,59-71,4,58
72 14,s8 -71 ,4 ,,,

7323,-7223,
73 ~,~~ -  72*,6$

6120, -61ig,

732Z, - 722Z,

60,., - 60j,,

20121 S.050

201318,158

201320.002

201386.922

201388.622

201422.699

201424.393

201498.605

201500.110

201539.416

201540.810

201575.531

201 S82.423

201583,762

201628.267

201629.475

201677.672

201678.799

201731332d

201732.304
201790.143

201791.066

202513.087

203720.558

205025.985

205365.292

205378.824

205442.491

205446,950

211585.587

369080.062

369175.448

369260.559

369322.644

369431.781

369 S39.936

369540.590

369595.732

369780.098

70 39

100 155

100 -2

100 40

100 -18

100 -81

100 -28

100 -119

100 -35

100 6

100 84

70 -37

100 -18

100 105

100 -59

100 29

100 -20

100 81

100 21

100 66
100 8

100 79

70 21

70 37

70 -46

70 5

7 0  -157

70 -103

70 -30

70 59

45 -3

40 -17

40 -21

40 7

40 -38

60 -48

80 33

40 6

40 -lo
i] 369780.738 40 33

—
.
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J’ - J“Ka,Kc,. ll’*bl(a$,Kc’ Oh. lireq. LJ]~c. O-c

5920, -5919, M 370008.770 50 -30

56~0, -5619, H 370630.351 50 -9

t] 370631,062 50 -3

83~,,, -829,73 418615.448 60 -8

85~R,  - 84~g, 429261.222 80 -54

95,,5-94,94 430102.879 70 -102

94 ,93- 9~,g2 430109.012 70 -13

82 ,s,w) -8 1,~,m 430116 .881  80 -76

93,g1 -92,90 430119.920 70 47

92,89-91, 88 430142.166 70 79

8 524, -8424 430422.487 70 48

84 ,c.()~  - 83,w 430821.049 60 -27

86 ,7,7(J -8517,69 440148.795 60 6

86 ,7,69- ~5,7,68 440164.217 60 7

87,,, -86?,, 440315.102 60 26

88 10,T!I  -  8710,7~ 440418.932 60 33

88 ~,,9 -879,,8 440502.091 60 40

(b)37C10N02,v=0

J’Kn,,Kc. -J’’Ka,Kc F’*L’ ohs. Frcq. LJI)c.  (1-c

17 ,,1, -16,,,1 +] 84165.265 20 -2
-3 84165.632 20 -15
-1 84166.467 15 -11
+3 84167.233 15 5

17,,13-16,,,2 -1 84872.681 20 18
+.$

-3 84873.936 20 -21

+1 84874.241 20 27

184,14-174,13 +“1 9 0 1 2 6 . 4 2 3  20 -16
-3 90126.746 20 30

-1
9012.7.98 20 4

+3
]9

2,1s- 182,17  f-~ 90230.320 25 -3

*3 90230,622 25 25

20., 20 -191,,9 90423.363 25 -5

20 ,,20- 191,,9 90495.903 20 -21

200,,0- 190,,g 90528.660 25 -7
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J’Ka,Kc-J’’Ka4,Kcl)  F’:b Oh. Freq. LJnc. (X

19,,,8 -181,,7

18 *,,6 - ] 72,15

19g, -189,

198,-188,

498,41-497,42

31 S,*, -31 ~,~~

51 7,44-516,45
m7,  -  

l~l?,

38 77,31  -  -  &,32

41 5,,6 -414,3,’

568,48 - 567,4Q

2 03,17 -193,,6

37 ‘34 ,33  - - 73,34

47~,, -475,42

222,2, - z] 1,,0

292,27- 291.X

lQ,O - 16s,1]

304,26 - 2%,25
~~no  -3 3 2 , 3 1

324,2,-323,30

91049.799

91050.243

91473.761
91474. ]35

93568.222

93569.364

93644.146

93645.034
96972.939

96973.585

9722.0.122

97221.751

97440.595

98261.777

98262.136

98265.338

98265.730

98628.840

98642,125

98644.810

98860.013

98861.190
102713.605

104509.035

104511.908

104517.012

104519.417

104834320

104836.068

105059.552

105060,060

105299.222

105302.335

105314.250

105316.066

106260.408

106778398

106781.386

107544.037

20 -1

20 3

20 -17

20 0
30 22

30 21
35 -8

35 -11

25 -lo

25 -8

40 -14

40 -52

40 -21
30 -34

25 -17

2.5 -38

?)0 12

50 2

35 -8

35 -lo

40 -16

40 -6
30 0

40 -12

35 -14

30 -19
30 16

35 -14
35 13

25 3

25 -8

35 12

35 34

50 40

50 5

30 16

60 -54

60 8

50 61
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J’ - Y’Kn.,  xc. [l’*hh’a’,  Kc’ Obs. Iil’CC]. lJnc. 0-c

3 24,29-323,30

356,30-355,31

2213, - z] 13,

2212,- 2J 12,

64 IO,M - 649,5s

39 6.34 - 395,3s

547,47-546,48

31 7,24- ~  16 ,25

26., 26- 251,2Y

25 2,2, - 24Z,23
26,,,6-251,25

26.,2, - 250,Z$

26w  -  250,2s
251,2d -241,23

234,,9- 2%8
35 3,32-352,33

2422, -2.322

241g, -23,9,
24,8 -23,8,

2417, - 231T,

23 3,20- 2??,9

24,,,-2316,

241s, -23,5,

107546.432

107608,557

107609.64S

108208.872

108210.440

108247.743

108248.093

108249.071

108249.417

11S760,196

115760.668

11620S.906

116210.314

116658.845

116903.404

116976.489

116978.451

116983.675
116987.131

116994.329
117130,595

117130.s47

117214.065

117394.198

117396.808

117856.702

117857.031

117860.160

117860.475

117912.643

117930.680

117932.982

117953.454

117954.790

117979.034

117980.854

118008.334

118009.932

118042.586

118043,981

50 38

40 -5

40 -11

40 0

40 15

20 -14

20 -8

20 -15

20 -4

25 -5

25 14

2s 17

25 17
25 ]7

30 10

20 -2

35 0

25 -7
25 -11

20 -5

20 -10

20 14
30 -7

40 0
30 -50

20 -19

20 28

20 -15

20 17

40 -15
40 -lo

40 -12
30 -3

40 s

30 -13

30 -lo
30 -14
30 -11
30 5

30 14
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J’~a,~C.  - J“~,,~C  F*b Ohs. Freq. LJI)c.  O-C

241S,  - 231?,
f

241T, - 231Z,

3918,-38,8,

41 2,Y9  -  40s,f8
41 Y,39  -  40M8
41 2,39 -402,,8
41 IYI -  40Z,f8

398,31  - 
3 88 , 3 0

4 02 1, -392,,

40,9,-3919,

40,8,-39,8,

40,7,-39,7,

4015,-39,5,
40,2,-39,2 ,

-404,36- 394,?5
40 ,0,3,-39,0,30
40 ?10,30- -910,29

41 2s, - 402S,

4] 27, - 4om

412,,-4025,

4123, - 402f,

4115,  -4 %

422j, -41 Zq,

4222,-4122,

4 220,-41 20,
4 24,38-414

37

42]8,  -4 1 1 8 ,

51,50-50,49
~5zl,  -7427

752<,, - 74Z6

7410,6S  -  7h.4

75 9,67-749,66

7525,-7425
73 9,G1 - 72g,Gy

*I 118083 .466  30 -12

118084.665
118133.459
118134.474
191926.633’
192011.149
192042.804
192056.138
192087.809
194726.884
196671,760
196797.423
196872.912
196959.581
197180.511
197726.070
198264.377
198401.659
198404.239
201283.561
201284.780
201321.528
201322.539
201403.247
201403.994
201496.311
202150.711
206424.542
206425.238
206480.337
206608.388
206610.926
206770.345
231622.019
368967,112
369141.796
369187.038
3692,70.885
369333.562

369477,727

30 -7
30 -lo
30 -6

100 91

70 -164

70 0

70 -32

70 148

70 -3

70 251

70 -8

70 54

70 33

70 81

70 -25

70 60

70 -212

70 -149

100 -82
100 20

100 28

100 1

100 85

100 -56

70 14

70 61

100 104

100 104

70 212

70 -4

70 66

70 -63

70 -31

60 -9

4s -19

40 -32

70 -64
50 -45

50 -24



. 2 9 .

J’ti,t,Kc - J“~a.,x,  II”*’ Ohs. }ircq, Uric. o-c

7524,-7424, 369545.778 45 -16

75n, - 74N, 369782.480 40 -1

75,,, - ~422, 370048.847 45 -lo
7519,-74,9 , 371103.723 45 22

97 ,97- 9 6,

9, 429241.636 80 -40
96,9, -95,,, 429247.704 80 27

95,93-94,92 429258.463 120 -16
94,9, - 93,W 429280.656 70 35

899,8, “ Ww 430123.554 100 -33

89 ~l,~g - 8811,T~ 440029.444 70 62

88 ,,,,,-8712,76 440053.188 70 -5

88 ,~,,~ -87,(),7, 440074.513 70 20

87 I~,Tj - 86J4y2 440552.979 60 9

89N, - 882I, 440622,492 60 26

86 ,~,~~ - 85w2 440708.404 60 -1

(C)35CION02,  V,=I

J’Ka.,  Kc+  - J“~,,,~ C., ]’*6 Obs. lkeq. lJI)c. C)-C

306,24-305,25 f] 84377.579
27 ,,25- 27,,,6 H 97881.552

M 97885.616
31 5,27  -s14,28  ‘~ 97964.118

t] 97966,311
507,43-506,44 ?3 98620.904

*] 98623.204
31 ,,28-3],,2, ‘~ 99231.503

f] 99235.322
51 ,,,4-5~~,4,  f3 1 0 4 8 7 4 . 3 4 6

*1 104876.845

568 , 4 8-5 6 7 , 4 9  f3 ~04906.856
i] 104908.771

41 5,3~- 414,,, +3 lo5200.4~5
i] 105203.731

20J,1T-19~,lb 105555.116

21,,, -20,,, f] 106121.470
M 106123.065

23 ,,23- 2~,,22 106281.347

25 -15
50 -5

50 -3

40 -14

40 4

40 -26

40 -19

40 -5

40 -11

35 -2

35 10

50 -6
35 -7

30 -1
30 13

50 -6

35 14
35 10

30 -4
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J - J“K,.,KC. l“*bKrl’,h’c’ Ohs. l;re.c]. Uslc.  0-(:

23.,23 -220,22

~~ 9,52- CJ 8,53

21 ,,,6- 20s,,5

21 2,,9- 2@2,,8

21 4,,7- 2%6
42~,qd - 42T,y~

63 9,54-638,5,
61 ~o,fl - 6]g,~2

58 MO - 58vt

31 l,M - ~ I 6,2(I

%0,  -3730,

3829, -3729,

382g, -3728,

3s27, -3727,

3826, -3726,

3 825,-3725,

3’f323,  - 37 2 3 ,

3 82 2,  - 3 7 2 2 ,

38 ,,3.,-37,,33
38,9, -37,9,

38,7, -37,7,
381d, - 371i,

106289.769
*3 106806.667
II 106807.942
-I 107468.323
+3 ]07468,S41
+1 107469,012
-3 107469.303
f] 107662,094
*Y 107662,701

109395.555
+] 115823.258
-t~ 115824.363
il 116646.489
f] 117180.785
*3 11718 ].575
fy 117519.176
f] 117521.509
*J 117851.588
-t] 117852,150
f] 191447.632
*3 191449.786
i] 191479.957
*3 191482.079’
f] 191513.488
*3 191515.381
*I 191548.219
*3 191549.972
*] 191584.504
?-~ 191586.215
*] 191622.721
*3 191624.284
+] 191706.702
+:3 191707.913
*] 191753.71s
k3 191754.919

191835.470
f] 191925.634
f-~ 191926.633’

192080.475
192427.972

30 -29
25 -3
25 -6
25 -37
25 -2
18 -18
18 13
25 -4

20 -2
30 7

30 -1

30 13

30 -7

30 -11
30 -17

30 -3

30 13

30 8

30 2

100 -164

100 -39

100 -195

100 47

100 -57

100 69

100 -6

100 106

100 17
100 207

100 32

100 190

100 -45

100 -21

100 -77

100 43

70 45

100 -13

100 91

70 -109

70 -19
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JK3,KC  - J“K,, KC,

37 ~,32 -365,3,

404,37-394,3,

392,, - 38*1,
38 7,31-377.30

39,3, -3813,

394,3s -384,34

4 4 44-43,43

41 4,3*  -404,37

41 ,,38-403,37

402f, - ~92~,
40,*, -39,8,

7~2S, - 722Y,
71 ,,,,g -70,,,,,

73,4,-72,4,
34,,, -33,.,

7323, -7223,
1915, - 1~14,

W2, - W.

81 ,s,m - 8hm
92,,9- 9] ,*8

85,,,-8424

93,g1  - 92,;

94,93 -93,,2

95 q~ -94,9.,

89;8;  - 889,go

89g,g) - 88g,~0

~72fi, -8626

‘W ,7,70- ~517,69
8 6 IT,W - 8517J8

8725, -8625,

~xb (h, 1 ‘ret].

195229.815

196731.873

196870.700
196985.741

197722.490
198347.607

2.01184.472

201249.514
201385.571

H 201731 .332d
202157.755
369115.977
369138.499

369332.294
*3 369514.057
&l 369514.814

369573.668

*3 370654.927
*1 370656.046

418618,306
418652.912

430703,944

430706.262

430732.553

430772.618

430817.633

440193.765
440199.674

440283.309

440414.256

440430.183

440605.313

Uric. o-c

7 0  -138

70 -104

7 0  -119

70 63

70 73

70 -47

70 -70

70 -17

70 -28

100 21

70 -48

45 13

45 -13

40 2.3

60 -7

60 71

so 29

50 28

50 -28

7 0  -103
60 15

60 -49

120 190
50 -34

60 18

60 67

60 -15

60 -25

60 4

60 -2

60 6

60 4

((t) 37C10N0 2, V9 = ]

51 7,44 -51e,45  ~~ 9GT’70.S14 30 12

4 66 , 4 0- 4 65 , 4 , 2.] 97253 .602  25 -9
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J’K,,KC - J“K,.,KC. }’*b ok. Fkc]. Uric. o-c

41 5,,6  -41,,,, f~
201~,-191~, t]

*3

2 0 ,2 , - 1 9 , 2 ,  *I
*3

2011,-1911, *]

*3

20,,-199, *I

*Y

304,27-303,28 *Y

-h]

2 08 , - 1 9 8 ,  *1

H

488,~0  -  487,d1 t]
f3

3 25,2 8- 3 24

,29 H
*]

2 06, ,5-196,14 *I
*Y

206,,4 - 1 96 , 3  *1
*3

21 2,20-  2%!)
205,,5-195,14

22 ,,,,-21,,2,

22.,22- 2] ~,~,
24c,1~  - 24f,lg

21 ,,,~ -20,,19 *1
*3

225,,8- 2J5,,, f]
*3

222,70- 21w *I
f~

22.5,,7 -215,,6 f]

H

37<,,32- 37s,33 *Y
f]

~921, - 38Z1,

39~0, - 38~0,

39,8, -38,8,
39,7, -38,,

97952.649 30
98416.947 30

9841 9 .00S 30
98446.942 25
98448.683 25
98484.154 25
98485.616 25
98595.248 25
98596.215 25
98662.025 30
98664,418 30
98683.222 25
98683.976 25
98769.268 25
98770.046 25
98873.756 25
98875.466 25
99008,840 30
99009.247 25
99020,394 30
99020.799 25
99301.328 50
99466.705 40
99478.092 25
99493,514 30
99691.282 30
99788,500 25

99788.864 25

109371.051 30

109657.386 35
109657.836 35

109794.476 25

110243.544 40
110244.784 40

-lo
8

-9

15

-lo

-1

-19

-5

-16

8

14

-1

-7

-4

1

2

-1

-4

16

-9
12

-7
-2/3

-7

-22

6

-8

12

-37

-4

-22

-2.

-3

-5

191880.655 70 -237

191936.111 70 -155

192068.289 70 55

192148.722 70 79



J“ A’a  “, Kc “

404,37-39436

391s, -

3815,
38s,?, -  37s,~,
4018,-3918,

40 ,0,3,-39,0,30

4121,-4021,

‘l] 19,-4019,

~1 18,-4018,

4115, - 4%

4112,-4012,
41 8,.M  -40, , , ,
767,69 -757,,8

72 11,6, - 7~,,,fjl)
7527, - 74Z7

7 59,67- 749,;,

~~g,(bq - 72g,bj

7525,-7425

7s24, -7424

752,, - 742B

23,4, -22,3,

],.*b C)bs. Freq,

192320.197

192353.280

195257.891

.I’Ka Kc,  - ,

~——

197017.709

198538.919

201754.404
201888.378

201968.504
202297.043
202881.897
204872,.545

369074.337

369139.605
369226.962

369471.776

369533.371
369591.606
369802.734
370038.238

*3 370614.267
i] 370615.250

440229.769
440236.798
440239.132
440342.710
440396.419

U1lC,  o-c
7 0  -123

70 215

70 -92

70 192

70 92

70 -209

70 3

7 0  -167

70 42

70 27

70 23

45 -45

60 2

45 37

50 ()

50 ()

60 6

40 3

45 -1
50 20

60 -29

100 -25
80 51

80 35

60 -29
70 -8
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a Observed frequency minus that calculated from the spectroscopic constants. Intensity-weighted average for blended Iines.

b F* .= Z(F - fi. in Oeneral  for both upper and IOwer states, for the AJ = 2 tEHKkiOII both  values  we given.,, ~ “e Blended.



ground  state }’0 = I
uarameter

7

A

B

c

D~

D~~

D~

dl x IOZ

dzx 102

(A) HJx  IO’O

(A) ~J~X 10’

(A) E?m X 1 0s

HKX 10s

L?l x 1011

h2 x 10*2

hl x 1012

x,,

x-

!%abl

A i

rms

12105 .784456 ”(768)

2777.0009842 (1235)

2258.1510524 (1286)

().5007()04  (41 1)

3.855784 (400)

9.47049 (630)

-9.579130 (1906)

-1.771828 (786)

-1.3772 (339)

-5.8710 (455)

-1.2156 (605)

2.683 (1059)’

-1.5427 (1714)’

-4.601 (777)e

3.709 (450)’

-83.880 (94)

-44.342 (21 6)

74.191 (s7)

0.067S89 (19)

12105.326584 (1641)

2700.9741107 (1 126)

2207.6044577 (1 189)

0.4809592 (451)

3.715916 (638)

9.66338 (2181)

-8.973687 (2153)

-1.616437 (878)

0.1007 (440)’

0.3934 (662)b

-0.2837 (1250)b

-65.968 (164)

-34.6 I I (207)

58.501  (154)

0.068044 (19)

12004,639909 (1438)

2776.8148366 (1824)

2262,1330537 (1810)

0.5084924 (588)

3.847448 (535)

8.09573 (596)

-9.591268 (2018)

-1.688908 (895)

0.0223 (489)’

0.2203 (650y

0.2078 (855)C

-82.980 (191)

-42.859 (241)

73.18 (72)

-0.690003 (29)

1.106

12003.626031 (2016)

2700.8682752 (1822)

2211.4684238 (1714)

0.4883448 (555)

3.708612 (873)

8.23273 (755)

-8.979438 (4066j

-1.~41817  (2049)

?

C?

d

-66.1 I (42)

-33.88 (32)

64.2 (48)

-0.692991 (28)



a Numbers  k parentheses are one standard deviation in units of the Ieast significant figures. Watson’s S-reduction

b 43 7: =  H(~7cloNo2)  - H(35CIOS02).in the representation 17 was used. See ako text for detaik.

cAv:=H(vg=  1) - H(v=()). ~ Both b and c applied, uncertainties propagated.
e Common constant for both isotopomers and both vibrational states.
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ground state V9=I
Darameter.

25CIOS02 37CION02 ?~cloN-02 ~7cIoxo2

A

B

c
A:

A JK

AK

d,x 102
q

(A) @JX 1010

(A) @J~X IO’

(A) @H X 10s

(DKx 10s

@,x lo”
& x 10’
(&x 10s

L
z-
%35
Ai

-.s

12105.784223 (768)

2777.0062903 (1234)

2258.1458787 (1285)

0.5361365 (433)

3.6430S0 (436)

9.64759 (629)

9.578935 (1901)

2.61989 (120)

-1.4687 (346)

-3.608 I (2743)

-1.9694 (1076)

3.187 (1057)’

-1.1664(1654)’

-1.6235 (1 150)’

3.372 (683)’

-83.883 (94)

.44351  (216)

74.192 (87)

0.068749 (19)

12105.326297 (1641)

2700.9792387 (1 125)

2207.5994585 (1 180)

o~l~2879  (499)

3.521888 (640)

9.82422 (2175)

8.973~36  (2137)

2.52976 (135)

0.1043 (439)’

0.2643 (682)’

-0.2462 (1249)b

-65.967 (164)

-34.614 (207)

58.502 (154)

0.068917 (19)

12004.639641 (1439)

2776.8198740 (1823)

2262.1281358 (1808)

0.5422626 (644)

3.644725 (581)

8.26443 (596)

9.591217 (2013)

2.49004 (135)

0.0145 (488)C

0.1726 (648)’

0.2206 (856)’

-82.980 (191)

-42.870 (241)

73.10 (72)

-0.689188 (29)

12003.625722 (2016)

2700.8731414 (1812)

2211.4636682 (1707)

0.5191728 (754)

3.523543 (988)

8.38666 (757)

8.979647 (4067)

2.40545 (339)
d

d

e

-66.11 (42)

-3~-89 (32)

64.3 (48)

-0.692164 (28)



‘ Numbers in parentheses are one standard deviation in units of the least significant figures. Watson’s A-reduction

in the representation IT was used. See also part a) for further footnotes and text for details.



parameter ‘5 CIC)N02’ 35C120 35~]~;b

x., / M}Iz/ -83.880 (94) -7 J .45” -145.8718

xhb / MHz 19.769 (102) 6.86’

X,, ‘ Xy / M~~7 64.111 (131) 64.59’

Ixnbl / M}lz, 74.191 (87) - 82.d

X,, / M}17, -122.692 (21 9) -123.2 -145.8718

XX/ MIIz 58.581 (337) 58.6

II z 0,0451 (29) 0.05

O,a I (leg 27.532 (34)’ 32.2d

or,, I kg 30.28 34.6(’

i, 0.048 -0.048 0.29

7CC 0.033 -0.035

0 This work. b Ref. (20). C Ref. (21). d Ref. (22); see also text.
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pamnetcr 35 C10N02 37 CYONC)2

V. 780.2163222 (371) 778.8696325 (499)

AA x103 0.131613(2417) 0.070302 (5 139)

A}] X 103 -0.108609 (628) -0.126392 (1 039)

AC’X 10s -0.188068 (485) -0.189952 (780)

AA 0,4289 (23) 0.4054 (41)

Imsx 103 0.447 0.390

n ]jine positions fmtn Ref. (15’), uncertainties 0.0005 cm-];

numbers in parentheses are one standard dcviaticm  in units of

lhc least significant figures; centrifugal clistortion  constants

fixed to ground  state values.
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para- force constants
—

PEIY
nlctcr” Cxptl.’ ah initial

—
v, V2 .V3 V4 V5 V6 V7 V8 V9

.L
—

f ,

f “

f.

f.

f,

f,

fOop

f,

fRs

fRv

f,.

f,.

f,,

fR6

k
.&
A.
f,,
.&
fVw

f vu

f“,

.fv6
f%, a
f Wy

350.2

202.0

1088.8

1071.7

151.9
286.7

261.7

40.9

10.1
43.4

1.3”

0.4’

28.3

-20.3

12.6

66.7’
79.9’
52.3

78.4
65.4

117.8

-14.9’
-Is.of
-62.0f
16.0’

-Ss.of

-3.0f

28.2

21.8

137.5

-3.6’

327.0

213.1

1107.3

1100.1

157.6
282.1

264.1

40.3

11.0

38.9
1.3

0.4

25.7

-11.4

]5.4
66.7
79.9

50.6
75.5
60.7

136.8

-14.9

-22.4

-73.5

16.0

-65.5

-8.1

26.7

21.2

135.9

-3.6

0.33 0.38 0.23 0.12

0.04 0.12 0.62 0.53
0.S6 0,47

0.SS 0.46 0.04

0.07 0.10 0.22 0.69
0.09 0.05 0.77 0.15 0.22 0.19
0.08 0.04 0.S3 0.23 0.32 0 .20

0.96 0.07

1.02
0.04 -0.07 -0.12

-0.04 -0.05 0.06

-0.07
-0.04

-0.03 0.06 -0.22 -0.06 0.06

-0.20 0.20 -0.22 0.03

-0.09 -0.23 0.24
-0.12 0.10

-0.08 -0.05
0.04 0.05 -0.08

-0.08 0.05 0.07 -o. ] 8 -0.27 -0.20



‘ R = )-( C1O), S = r(ON), V = r(NOc), W = r(NOt), u = Z(CION),  y = 40NOC), 6 = /’(ONOt),

Oop = out-of-plane, T = torsion.
b 
For  35CION02; only contributions >0.03  arc given.

c This work. d Ref. (27). e  liixe.(i. f Adjusted, see text.
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para-
35 fl](y4~02

37 CX)14N02 3s(l]@s~Q

—

meter ohs. talc. obs . talc. ohs. talc.

(A) V ,

(A) V,

(A) V3

(A) V,

(A) V,

(A) V,

(A) V,

(A) V,

(A) V9

AJ

A JK

AK

(3J

6K

AAv~

AAv4

AAv.

1736.9

1293.2

809,4

780,2

563.1

435.4

262.1

711.0

120.2

0,5361

3,643

9.648

0.09579

2.620

0.1031

0.3602

-0.75794

1728.4

1291,8

810.8

780.6

561.3

432.6

257.6

710.6

120.3

0.5362

3.660

9.369

0.09575

2.567

0.0804

0.3602

-0.75793

-o.37d

1.7

1.36

1.7

2.6

0.5133

3.5222

9.824

0.08974

2.530

0.1039

0.3365

-0.76108

0.01

0.01

1.69

1.36

1.74

2.72

2.69

0.01

0.43

0.5131

3.539

9.524

0.08967

2.478

0.0804

0.3360

-0.76106

42.8d 40.03

12.0d 13.51

4.7 4.43

7.2 6.21

3.2 1.57

1.9 1.68

0.56

17.1 18.16

0.06

0.5329

3.644

9.401

0.09471

2,552

aAvi37 : =  vi(3SC10NOz)-  Vi(37~]ON~2);  /jvits := vi(35C10’4N02) - vi(%1015N02).

b Watson’s A-reciuction, sectcxt. c A Ai := Ai -  AO. d Not useci in the fit, see text.
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35 C10N0, 37 C30N02

A Cent 0.000878 0.000886

A, 0.065543 0.065670

0.036730

0.145900

0.142078

0.425690

0.330229

0.261630

0.566828

-0.495722

-0.692384

0.036858

0.146024

0.167489

0.401680

0,338492

0.260449

0.565564

-0.498789

-0.695391
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C:10N02 gob Clo N02

C

Lo 350.2’ 294.9 471.3f
r(CIO) 167.3 169.59 156.96~

1088.8’
fN=o

1071.7’ 1090.6

fN.O,N.(, 1 1 7 . 8 ’ 193.5
r(NO) J 19.6 119.46

/(O=N=()) 132.6 133.83

‘ l~or CJONOZ r, parameters (1.5), r, else. c Ref. (22). d Ref. (29).
e This work. f Derivd from Ref. (.?1). g Ref. (.?.?),
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z. -I

s~g.*
+)

<
~,
.+z-
0

z I I I I I I
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